Several factors can influence the removal of polycyclic aromatic hydrocarbons from agricultural soils, such as the native microbiota, the physicochemical properties of the soil, soil management and addition of exogenous microorganisms. Nevertheless, the involvement of these factors has not been studied during fluoranthene removal at the microcosm level. In the present study, the effects of these factors were evaluated in microcosms composed of an organic agricultural soil (OAS-microcosm) and conventional agricultural soil (CAS-microcosm) contaminated with fluoranthene. According to their physicochemical properties, both soils were classified as silt loam. They had similar cation exchange capacities, water holding capacities and P-PO4 3-, but different pHs, electrical conductivities, and percentages of N, C, silt, clay and sand. Fluoranthene did not alter the native microbiota of the OAS-and CAS-microcosm because similar banding profiles were obtained in PCR-DGGE analysis of the 16S rRNA gene, and the total heterotrophic bacteria count as well as fluoranthene-degrading bacteria count were similar between microcosms with fluoranthene and their controls without fluoranthene. However, OAS-and CAS-microcosms showed higher respiratory activity than their controls (p<0.05). At the beginning of the degradation kinetics, OAS-and CAS-microcosms reached a higher percentage of fluoranthene removal than their abiotic counterparts (adsorption controls; p<0.05); towards the end of the degradation kinetics, no significant difference was observed between the OAS-and CAS-microcosms and their corresponding adsorption controls. The bioaugmentation assay using a fluoranthene-degrading bacterial consortium increased fluoranthene removal. This work showed that fluoranthene adsorption to soil and native microbiota of agricultural soils were involved in fluoranthene removal.
Introduction
Polycyclic aromatic hydrocarbons (PAHs) are organic molecules that pose a high risk to humans and to the environment. The US Environmental Protection Agency designated them as toxic, mutagenic, carcinogenic, and priority pollutants. PAHs are formed by two or more fused aromatic rings arranged in a linear, angular, or cluster array. They are classified as lowmolecular-weight (LMW) PAHs that are formed by two or three benzene rings and as high-molecularweight (HMW) PAHs that are formed by four or more benzene rings. Some physical processes are effective in reducing the environmental level of PAHs; however, biodegradation is usually the preferred and major route of PAH removal from contaminated environments because of its cost, effectiveness and complete clean-up. One alternative to the bioremediation of PAHs-contaminated soil is through bioaugmentation: the introduction of microorganisms that are capable of degrading a pollutant in contaminated soil (Azubuike et al., 2016) .
Several studies on the isolation of bacteria that remove PAHs have been recently completed. LMWPAHs can be more easily degraded by bacteria, whereas HMW-PAHs, such as fluoranthene, are more recalcitrant to biodegradation and persist in the environment. The bacterial genera Burkholderia, Pasteurella, Rhodococcus, Stenotrophomonas, Sphin- gomonas and Mycobacterium are able to remove fluoranthene (Haritash and Kaushik, 2009; Simon et al., 2004; Sprocati et al., 2012; Viñas et al., 2005) .
However, their ability to degrade fluoranthene has been studied in a minimal culture medium supplemented with the PAHs as the sole carbon source (Jin et al., 2016) . The extrapolation of bioaugmentation to the microcosm level or to field conditions has not always yielded expected results (Crisafi et al., 2016) . Studies on bioaugmentation through microorganisms with a recognized ability to degrade PAHs in contaminated soil have generated non-conclusive data: in some cases, bioaugmentation has increased the degradation of PAHs (Sprocati et al., 2012) , and in other cases, it has been ineffective (Simon et al., 2004; Viñas et al., 2005) . The latter result occurred because some factors affecting the adaptation of the introduced microorganisms were not considered (Long et al., 2014) , resulting in a low efficiency of PAHs degradation. The most common of these factors are: the response of the native microbiota to the introduced microorganisms; intrinsic physicochemical properties of the soil, mainly the organic carbon, silt, clay and sand contents; soil management; and addition of fertilizers and pesticides. Comprehensive studies on PAHs degradation are hindered by the complexity of the microbial-ecological diversity in soil. Previous studies have mainly focused on agricultural soils because pollution of these soils affects the production and quality of crops; PAHs contamination is specifically relevant because of their toxic effects. In this paper, some natural factors involved in fluoranthene removal (a compound used as a model of PAHs) in an agricultural soil were evaluated.
Fluoranthene-contaminated soil microcosms were designed, and the soil physicochemical properties, participation of native soil microbiota, effect of bioaugmentation and impact of fertilizers and pesticides in soil were studied.
Materials and Methods

Experimental site and soil sampling
Soil samples were collected in the state of Puebla, located in the central part of the Mexican Republic agricultural soil (OAS, considered as the unimpacted soil) was obtained from a temporary agricultural land that was untreated with fertilizers and pesticides, was not polluted with heavy metals or hydrocarbons, had a zero tillage system, and had a crop rotation of corn and beans. By contrast, conventional agricultural soil (CAS, considered as the impacted soil) was obtained from soil treated with chemical fertilizers and pesticides, in which conventional agricultural practices were used. Soil samples were taken to a depth of 15-20 cm.The equivalent weight samples of OAS and CAS were mixed in a vessel to obtain a composite sample. The soil was transported in sealed bags and stored at 4°C for further processing.
Physicochemical properties
The soil pH was measured in a 1:1 soil:H 2 O suspension using a glass electrode. The humidity was evaluated by the gravimetric method. The water holding capacity (WHC) was measured as the amount of water retained by the soil against the force of gravity after the soil was saturated with water and drained freely.
The soil particle size distribution was determined by the hydrometer method. The electrical conductivity was measured in a soil suspension as described by Rhoades et al. (1989) . The soil cation exchange capacity was measured by extracting soil with a solution of barium chloride, followed by cation exchange of (Mulvaney, 1996) .
Microcosm preparation
The soils were conditioned by sieving through a 5-mm sieve, adjusting them to 40% WHC by adding distilled water and maintaining them at 22±2ºC for 7 days in drums. The microcosms were prepared in flasks con- 
Enumeration of soil bacteria
Total heterotrophic bacteria and fluoranthenedegrading bacteria were determined by the viable count method using surface spreading techniques on nutrient agar and mineral salts medium with 100 mg L -1 of added fluoranthene, respectively. 
Fluoranthene analysis
The remaining fluoranthene in the soil microcosms All assays were performed individually nine times.
DNA extraction and Denaturing Gradient Gel Electrophoresis (DGGE) analysis
Total DNA was extracted directly from CAS and The central portion of strong DGGE bands were cut and cloned with a pCR 2.1-TOPO® cloning kit (Invitrogen, Carlsbad, CA, USA) according to the manual's instructions. Afterwards, they were sequenced with the ABI PRISM 310 Genetic Analyzer (Applied Biosystems, Foster City, Calif., USA).
The sequences were tested for chimeras by using the Chimera-Check program of the Ribosomal Database Project (RDP) at the website http://rdp.cme.
msu.edu/html/. The obtained partial 16S rRNA sequences were then submitted to a BLAST search to obtain the best matching sequences.
Obtention of a fluoranthene-degrading bacterial consortium
A composite sample of 1 g was inoculated in 
Molecular identification of the bacterial consortium isolates
To isolate and identify the members of the fluoranthene-degrading bacterial consortium IPN-LO-02, serial decimal dilutions to 10 -6 were prepared from the last enrichment culture, and the bacteria were 
Results
Physicochemical assessment of OAS and CAS
The physicochemical properties of the analyzed soils showed some differences. Because fluoranthene had no effect on the bacterial community dynamic in the microcosms, the metabolic activity of soil microorganisms was measured by their respiratory activity (CO 2 production). The OAS-and CAS-microcosms with added fluoranthene showed a significant increment in CO 2 production compared to the microcosms without fluoranthene (P<0.05, Figure 3a ).
Effect of fluoranthene on the bacterial communities of OAS and CAS
The sOAS-and sCAS-microcosms (adsorption controls) did not exhibit respiratory activity (Figure 3a) . The increased microbial respiration suggests improved metabolic activity without cellular division for fluoranthene removal. During days 7 and 14, there was a significant difference between the OAS-and CAS-microcosms compared to their corresponding adsorption controls (p <0.05; Figure 3b ).
Characterization of the fluoranthene-degrading bacterial consortium
The bacterial consortium used in the bioaugmentation assay was characterized. The maximum growth velocities for the consortium were 0.14, 
Discussion
Few studies have been performed on fluoranthene degradation at the microcosm level (Song et al. 2016; Zeng et al., 2010) . In these works, the involvement of and Karlson, 2005; Simarro et al., 2013) Similar to the report by Simarro et al. (2013) the heterotrophic bacteria counts were two orders of magnitude higher than contaminant-degrading bacteria. It has been reported that the soil microbial population changes with the addition of a contaminant (Yan et al., 2016) and that a specific microorganism selection takes place (Barbato et al., 2016) . Furthermore, the ring structure Regarding bioaugmentation, the results of the present study suggest that CAS easily incorporated exogenous microorganisms and consequently enhanced fluoranthene removal. Previous studies reported that the addition of microorganisms had negligible effects on the removal of PAHs at the field or microcosm level (Simon et al., 2004; Viñas et al., 2005) . In our study, 
Conclusion
The present study showed that during fluoranthene removal at the microcosm level, it is important to consider the physicochemical characteristics of the soils, land agricultural practices (OAS o CAS) and native microbiota associated with the soils. Indigenous microorganisms were very stable and significantly counteracted the presence of fluoranthene through biological removal; subsequently, fluoranthene was adsorbed to the soil. Furthermore, the native microbiota was friendly to the foreign microorganisms used in the bioaugmentation assay.
